Abstract: Nowadays in Gas Insulated Systems (GIS), SF6 is often used as insulating medium. Due to the fact that SF6 is a greenhouse gas with a very high global warming potential (GWP), alternatives have been searched for over the last years. In particular, SF6/N2 gas mixtures have been extensively investigated for the use in Gas Insulated Lines (GIL) and is being used in several applications. However, in these cases SF6 is still part of the insulating gas and the search for alternatives continues.
INTRODUCTION
It is well known that SF6 is a green-house gas with a high global warming potential (GWP) of 23900. Therefore research into the application of other gases with lower GWP are being done at various locations. Two of the gases that might be of interest to replace SF6 in future applications are carbon-dioxide (CO2) and nitrogen (N2). To compare the dielectric strength of both gases for design purposes, breakdown tests in homogeneous plane-plane configurations were performed. The breakdown voltage was determined using the extended up-and-down method and quantities such as the gas To determine the breakdown voltage under lightning and switching impulses, the extended up-and-down method (EUD-method) was used [1] . The main difference of the EUD-method with the 'normal' up-and-down method is the fact that the equipment is tested with several shots of the same test level during one series. As a result, it is possible to determine the U5% breakdown voltage, so the voltage level which has 500 probability of flashover.
If a flashover occurs during a series of shots, the test-voltage is decreased by one step. In no flashover occurs during the series, the test-voltage is increased by one step.
In fact, 11 series have been used and depending on the number of shots during each series of equal test voltage, the breakdown voltage with certain probability is determined. In particular, when 7 shots are used during each series, U(')10% value is determined; when 13 shots are used during each series, U(')5% value is determined. Between the shots, a stabilization time of 3 minutes has been taken into account. Figure 3 shows a flowchart of the followed measuring procedure.
THE EXTENDED UP-AND-DOWN METHOD Theory As described by Carrarra, using the extended up-and-down method with m shots in 11 series, the probability that a breakdown occurs during the series can be calculated using the following equation [1] :
in which P(')(u) is the 5000 breakdown value coming from the normal up-and-down-method. For designing purposes, the U5%-level is of importance. However, testing the gas using the EUD-method requires 11 series of maximal 13 shots with a waiting time of 3 minutes between the shots. This will lead to one full day testing per configuration.
Therefore, to speed up the process, series of only 7
shots (giving U(')10%) and of 3 shots (giving U(1)30%)
were performed as well. Based on equation (1), it can be deduced that the 5°O breakdown voltage can be estimated using the following equations:
U(1) = U-(3)= U(03) _1.08o7(3)
Example In words, equation (2) During the experiments performed in nitrogen, a large scatter in the breakdown values was observed. In particular, after the first breakdown in some cases, there was immediate breakdown again, and the voltage had to be reduced by 20-25% before the gas withstood the impulse voltage, even after a delay time of more than 5 minutes. In other cases however, after the first flashover, the voltage had to be increased by 20-25% before the second flashover occurred. This unpredictable behavior is of course unwanted in practical applications of such a gas. Similar results have been observed [2] . In designing components with gaseous insulation, a stable and predictable performance is required. Therefore, only for comparison reasons, it was decided to perform 11 series consisting of 3 shots each instead of 7 shots. As shown in equation (3) the 5% breakdown voltage can then be estimated from these 3-shots-series as well. Moreover, only positive switching impulse tests were performed for three gas pressures. The results are given in table 3 . From the table can be concluded that especially at the higher gas pressures, the results show a large scatter. In any case it is 2-4 times the scatter observed in the CO2 results.
Moreover, the U(')5% at 10 bar is lower than the U(1)5% of N2 at 8 bar. Although the breakdown values are not so different for both investigated alternative gases, it can be concluded that CO2 is more stable and has less scatter in the 
